The aim was a nationwide analysis of need for dialysis and survival in all patients who had coronary artery bypass grafting (CABG) in Sweden during 2002 up to 2008.
INTRODUCTION
Renal failure requiring dialysis following open heart surgery is a well-recognized risk factor for mortality and the development of serious complications that prolong stay in the intensive care unit and increase health care costs [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . A postoperative increase in serum creatinine of 25% or more from the preoperative baseline has been associated with a 15-fold increase in hospital mortality after cardiac surgery and poor long-term survival [3] . Filsoufi and colleagues reported a hospital mortality of 37% after cardiac surgery requiring postoperative dialysis compared with 3% in a control group, together with significantly decreased long-term survival in the dialysis group [5] .
The aim of the present study was a nationwide analysis of need for postoperative dialysis and survival in patients who had nonemergency coronary artery bypass grafting (CABG) in Sweden and did not have dialysis before the operation.
MATERIALS AND METHODS
Between 2002-2008, a total of 37 426 consecutive adult patients underwent CABG in Sweden. Discharge information of these operations was obtained from the Swedish Heart Surgery Register. Data from the Register of Information and Knowledge about Swedish Heart Intensive Care Admissions (RIKS-HIA), the National Patient Register, the Swedish Renal Registry and the Cause of Death Register were linked using each patient's unique personal identification number. The final database did not contain any patient identifiers. After exclusion of patients treated with dialysis before the operation, those having had previous (n = 766) or concomitant cardiac procedures (n = 5470), those operated upon as emergencies (n = 1716) and patients in whom the preoperative serum creatinine level was not measured (n = 1254), the study group comprised 28 220 patients who had undergone nonemergency primary isolated CABG. Emergency procedures were excluded because angiography had been performed recently before the operation and may have influenced renal function.
Reported demographic and clinical variables from medical records were age, sex, diagnosis of diabetes mellitus, hypertension, hyperlipidaemia and serum creatinine concentration before the operation. A patient was defined as having diabetes mellitus if treated with insulin or oral hypoglycaemic agents or on dietary regimen only, hypertensive if taking anti-hypertensive medication and having hyperlipidaemia if taking lipid-lowering drugs. Peripheral vascular disease was defined as a history of exertional claudication, carotid artery stenosis >50% or previous or planned vascular surgery. Patients classified as having chronic obstructive pulmonary disease had a history of daily use of steroids or bronchodilators. Left ventricular function was assessed by ventriculography or echocardiography and categorized with ejection fraction <30, 30-50 and >50% as severely reduced, reduced or normal, respectively. The European System for Cardiac Operative Risk Evaluation (EuroSCORE) was used to identify patients at high risk [11] . Coronary artery bypass grafting was performed without cardiopulmonary bypass on about 5% of occasions, mainly to revascularize the anterior heart or if the ascending aorta was too diseased to be manipulated.
The study complied with the Declaration of Helsinki and was approved by the Regional Ethics Committee in Stockholm. Informed consent was obtained from the patients to include their data in the national registers.
Renal function
It was mandatory to report serum creatinine (sCr) to the register from January 2002. It was measured at the time of hospital admission, in most cases on the day before surgery, but in some elective cases up to 4 weeks beforehand. The highest serum creatinine level recorded during the entire postoperative course was submitted. Postoperative serum creatinine was missing in 3599 patients (12.8%). Coronary angiography was usually performed several weeks before measurement of the serum creatinine level.
Estimated preoperative glomerular filtration rate (GFR), expressed in millilitres per minute per 1.73 m 2 body surface area, was calculated using the modified Modification of Diet in Renal Disease (MDRD) study equation, as follows: GFR MDRD = 186 × (serum creatinine in µmol/l/88.4) −1.154 × age −0.203 . In women, the value was multiplied by 0.742 [12, 13] . Chronic kidney disease (CKD) was defined as a GFR <60 ml/min/1.73 m 2 . The Acute Kidney Injury Network (AKIN) definition was used to classify patients into different stages of acute kidney injury, as follows: stage 1, >0.3 mg/dl increase of postoperative serum creatinine or 50-100% increase in postoperative sCr; stage 2, 100-200% increase; and stage 3, >200% increase in postoperative sCr [14] .
A decision to start postoperative dialysis in the intensive care unit was based on local institutional practices. The thresholds were increasing serum creatinine, urea and potassium levels and difficulties in the management of fluid balance. During the study period, continuous haemofiltration was available and used in all the intensive care units treating patients after open heart surgery. Patients suffering end-stage renal disease after CABG were reported to the Swedish Renal Registry.
Data and statistical methods
Follow-up regarding death from any cause was complete and obtained from the Cause of Death Register. The Kaplan-Meier method was used to calculate cumulative survival curves, and the log-rank test was used to compare differences between the curves. Patients still alive up to February 2011 were censored in the survival analyses.
Baseline characteristics were described as means and standard deviations for continuous variables and as frequencies with percentages for categorical variables. Percentages were calculated after exclusion of patients for whom data were missing. Patient characteristics in the two groups were compared using Yatescorrected χ 2 test for categorical variables, Student's t-test for continuous variables or the Mann-Whitney U-test in the case of skewed distributions. Unconditional logistic regression with and without multivariable adjustment was used to assess the association between need for postoperative dialysis and early mortality (death within 30 days of surgery). Multivariable analyses considering baseline characteristics and manual forward and backward step-wise selection were used to obtain a final parsimonious model including the following variables: age, sex, diabetes mellitus, preoperative left ventricular function and preoperative estimated GFR. Odds ratios and 95% confidence intervals (CIs) were calculated. Cox proportional hazards regression with and without multivariable adjustment was used to analyse survival. By an procedure analogous to the one described above, a multivariable model including age, sex, diabetes mellitus, preoperative left ventricular function, preoperative estimated GFR, rehospitalization for myocardial infarction and rehospitalization for heart failure was used to calculate hazard ratios and 95% confidence intervals.
Multiple imputation was used to impute missing values in the study data set. One hundred data sets were imputed, and estimates from these data sets were combined using standard methods. We assumed that missing values were missing at random. The objective of imputation was to maintain statistical power and to limit selection bias that may occur when observations with missing covariates are deleted. A complete case analysis was performed, including only observations without missing values for model covariates. Stata version 12.1 (StataCorp LP, College Station, TX, USA) was used for all analyses.
RESULTS
The number of CABGs performed each year from 2002 to 2008 decreased from 4746 to 3366, whereas the use of postoperative dialysis among the patients was unchanged (Fig. 1) . Postoperative dialysis was needed in 162 of the 28 220 patients (0.6%). Patients who required dialysis after the operation were older, more often female, had lower GFR and more often had a history of diabetes, peripheral vascular disease, chronic obstructive pulmonary disease, prior myocardial infarction, prior stroke or reduced left ventricular function (Table 1 ). These differences in characteristics are reflected in the significantly higher EuroSCORE among patients who needed dialysis. Need for dialysis was 1% (17 of 1763) in patients 80 years of age or over and 0.4% (62 of 15 120) among those 50-70 years old (P = 0.002).
Few patients who had good renal function before the operation and an increase of sCr <50% needed dialysis ( (Fig. 2) . Survival rate improved markedly among dialysis patients who survived the initial 3 months postoperatively. There were 42 early deaths (25.9%) in patients who needed postoperative dialysis compared with 288 (1.0%) among patients without dialysis (Table 3) . After multivariable adjustment, the risk of early death was 19-fold higher in those who needed postoperative dialysis than in patients who did not require dialysis. The risk of late death among the 106 patients with postoperative dialysis who survived longer than 90 days was about twice that of patients who did not have dialysis after multivariable adjustment (Table 4) . Patients who survived for 3 months were younger and had better left ventricular function and lower EuroSCORE than patients who died within 90 days (Table 5 ). Nine of the 106 survivors at 90 days (8%) developed end-stage renal disease and needed permanent dialysis. They were younger (average age 58 years), had worse preoperative renal function (mean GFR of 25 ml/min/1.73 m 2 ) and more frequently had diabetes (67%) and peripheral vascular disease (44%) compared with patients who had transient renal dysfunction. Of those requiring dialysis, survival at 5 years was 66% in patients younger than 65 years compared with 32% in patients older than 70 years (Fig. 3) . Fifty-one per cent (14 of 27) of patients 80 years of age or older who required dialysis died early compared with 3% (68 of 2426) of those without dialysis (P < 0.001).
DISCUSSION
We examined the data of patients who had non-emergency primary isolated CABG; no complex cardiac or emergency procedures were included. None of the patients had an angiographic examination immediately prior to surgery. The use of contrast media may cause impairment of renal function, but was not a cause of kidney injury in this cohort [15] . Patients with dialysisdependent renal failure before the operation were excluded, because they represent a population with a severalfold increase in early and late mortality and higher complication rates than nondialysis patients [4, 6, [16] [17] [18] [19] . Complete and valid information concerning deaths was obtained by linking unique personal identification numbers to a national register.
Chronic kidney disease with GFR <60 ml/min/1.73 m 2 was present in 20% of our electively operated patients compared with 26% of 483 914 patients in the Society of Thoracic Surgeons National Adult Cardiac (STS) database and 25% of 26 988 patients who had cardiac surgery at Veterans Affairs hospitals [6, 20] . Even a small increase in sCr can reflect renal injury and may influence prognosis with increased morbidity and mortality [2, 8, 9, 20, 21] . Significant increases in postoperative sCr have been reported in up to one-third of patients after CABG [2, 5, 6, 20] . Postoperative 
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T. Ivert et al. / European Journal of Cardio-Thoracic Surgeryrenal failure strongly correlates with longer hospital stay, increased morbidity and higher mortality [2, 6, 7, [18] [19] [20] . Obesity is also associated with an increased risk of postoperative renal insufficiency in patients undergoing isolated CABG [10] . Generally, renal failure after CABG is more common in women and in patients with diabetes, peripheral artery disease, cerebrovascular disease and chronic lung disease [2] . Renal failure in cardiac surgical patients not only results in increased in-hospital mortality, but also adversely affects long-term survival [3, 4] . During this 8-year study, we observed that fewer patients with preoperative CKD presented for CABG, reflecting better awareness of the risk associated with an elevated sCr and improved preoperative management and understanding of the pathophysiology of renal dysfunction [21, 22] . Repeated episodes of fluid restriction should be avoided in particularly elderly patients awaiting surgery.
Renal replacement therapy is an advanced expensive life-saving technique and is a limited resource in many intensive care units. According to the national Swedeheart Register, in 2010 postoperative dialysis was used on between 0.6 and 4.1% of occasions depending on the centre, patient case mix, indications and resources (www.ucr.uu.se/swedeheart/index.php/arsrapporter). There were certainly some patients in whom other serious complications (such as brain injury or other severe organ dysfunction) developed, resulting in a prognosis so dismal that dialysis was considered inappropriate even in light of declining renal function. In some respects, the patients who had postoperative dialysis therefore represent a selected group assumed to stand a good chance of recovery after renal replacement therapy.
None of the 162 patients who required dialysis would have survived without it. None had needed dialysis before the operation, and their renal dysfunction was expected to be transitory, but nine patients needed permanent dialysis. The characteristics of patients who required postoperative dialysis differed from those who did not. They were older and had significantly more comorbidities. The strong impact of old age on risk for postoperative dialysis indicates that atherosclerosis contributes to renal vulnerability. Factors reported to be independent predictors of the need for postoperative dialysis included age, preoperative renal dysfunction, type of surgery, haemodynamic instability, diabetes, aortic surgery, congestive heart failure, recent myocardial infarction, peripheral vascular disease, previous cardiac surgery and duration of cardiopulmonary bypass [1, 5] .
There is a direct correlation between preoperative renal dysfunction and increase in sCr following CABG and requirement for dialysis. Postoperative dialysis was required in 0.6% of our patients, lying at the low end of the range of rates reported in the literature, which is 0.2-22% depending on patient risk factors [1, [4] [5] [6] [7] [23] [24] [25] . In the STS database, 0.2% of patients with normal renal function needed dialysis compared with 11% of those having a GFR <30 ml/min/1.73 m 2 [6] . Our finding that 10% needed postoperative dialysis if GFR was <30 ml/min/1.73 m 2 is consistent with the STS database [6] . In broad agreement with our findings, Wijeysundera and colleagues have reported that low GFR, diabetes mellitus and reduced left ventricular function increased the risk of postoperative dialysis. They found that 0.4% of low-risk patients needed renal replacement therapy, compared with 10% of patients with high risk scores [23] .
The 5-year survival of 43% among our patients requiring postoperative dialysis was superior to the 5-year survival of 29% in a reported cohort needing postoperative dialysis that included combined procedures and unstable patients [5] . Like Filsoufi and co-workers, we found that the risk of death was highest during the first postoperative months. An elevated risk for long-term mortality has been reported to be independent of whether renal function had recovered at discharge from hospital [3] . 
Limitations of the study
This retrospective analysis of national data has limitations because of missing information of different management of renal failure in between institutions. Valid information about body weight and length of intensive care unit stay was only available from a few institutions and could not be analysed. Detailed haemodynamic and fluid balance parameters, repeat renal function tests or other biomarker measurements were not available. Only the peak serum creatinine level after the operation was reported to the national register. There was no information about the use of blood products, medication in the intensive care unit and the time when dialysis was initiated, as well as its duration. We conclude that need for dialysis after non-emergency was uncommon and that an impaired preoperative renal function and old age were strong predictors of need for dialysis. Need for postoperative dialysis was a serious complication associated with high early mortality and an increased risk of late death but was lifesaving in some patients.
